Objective This study attempted to clarify the association between participation in a social group and perceived health among elderly residents of a previously methylmercury-polluted area in Japan. Methods We conducted a cross-sectional study using eligible subjects from the Shiranui Sea coastal area, where mercury poisoning due to daily intake of fish and shellfish had previously caused some residents to develop the neurological disorder ''Minamata disease (MD).'' In the present study, we selected subjects aged C65 years who had never been diagnosed with MD or applied for medical treatment compensation.
Introduction
The subjective indicator of ''perceived health'' is an integrated indicator for health evaluation and can be used to predict morbidity, loss of functional capacity, and mortality independently of objective health conditions among the elderly [1] [2] [3] [4] [5] .
Poor perceived health has been reported to persist for prolonged duration among residents of areas polluted by poisonous chemicals or radiation [6] [7] [8] [9] [10] [11] , suggesting that perceived health was poor not only among those residents granted medical compensation for evidenced health injury due to exposure to a large amount of pollutant but also in those not granted compensation for reasons of not presenting definite symptoms associated with the pollutant and being thereby judged not to have been subjected to non-negligible exposure.
In the 1950s, the area around the Shiranui Sea in Japan suffered from severe methylmercury contamination due to factory wastewater, and residents with high intake of fish and shellfish from the sea developed methylmercury poisoning, known as Minamata disease (MD). Since the disease was first identified in 1956, a prefectural government committee has confirmed approximately 2,200 inhabitants of the polluted sea area as MD patients and cited them as eligible for compensation. However, the standard of certification was extremely narrow, initially focusing only on acute cases, and in 1995, the Japanese government determined that approximately 10,000 residents who had previously not been certified as having MD but in whom the debilitating effects of methylmercury could not be ruled out were eligible for additional medical compensation (lump sum, all medical expenses and other allowance). These measures came about subsequently due to difficulties in definitively diagnosing a patient with MD, as neurological diseases such as MD are diagnosed largely based on subjective symptoms. While approximately 60 years have now passed since the poisoning, confusion regarding health issues and compensation persists in the Shiranui Sea area as residents reach advanced age.
Recent studies have reported that perceived health as compared with residents of non-polluted areas is poor even among residents of the affected area not diagnosed with MD or compensated [12, 13] . It has also been reported that many residents of the affected area cannot eliminate worries about their symptoms (even though not typical MD symptoms) that might be related to exposure to methylmercury.
While priority should naturally be placed on relieving symptoms of methylmercury poisoning among residents diagnosed with MD or those compensated with medical care, we should take care not to neglect those residents not diagnosed with MD or compensated but who still report poor perceived health, as poor perceived health is expected to reduce activity in daily living and increase morbidity and hospital use in the near future among the elderly [3] [4] [5] .
In an effort to improve overall perceived health, a number of studies have investigated factors relating to perceived health among general populations of elderly individuals. These previous studies reported socio-economic status, lifestyle factors, social support, and social network including family, friends, and social group membership as factors associated with perceived health [14] [15] [16] . Of these factors, social group membership was identified as a particularly important determinant of health for the elderly, intervention in which is an effective method of promoting health lifestyles among the elderly [17, 18] .
However, no study has yet evaluated the association between perceived health and social group membership among elderly inhabitants of a previously toxic substancepolluted area.
The impact of the radioactive diffusion due to the accident at the Fukushima nuclear power plant in Japan in March 2011 is immeasurable. Unlike with acute radiation, assessment of extent of late radiation injuries such as cancer and influence on fetus development after a prolonged period is difficult. As such, confusion related to health issues and compensation merit have undoubtedly persisted for some time among residents of afflicted areas, and a considerable number of these residents are predicted to have poor perceived health regardless of whether they have been deemed subject to compensation or not. Given this immediate need, methods for improving perceived health of these residents should be explored as soon as possible.
Here, we clarified the association between perceived health and social group membership and determined which type of social group provides significant benefit to perceived health among the elderly in an area previously polluted with methylmercury in Japan.
Materials and methods

Study population
We used data from a survey of residents living in communities bordering the Shiranui Sea (Shiranui Study). Details on sampling methods in the Shiranui Study have been described elsewhere [13] . Briefly, of the approximately 59,000 residents aged 40-79 years of 172 postal code areas across 6 local government regions in the Shiranui Sea area, 105 (1 person per household) per postal code area were randomly sampled. Questionnaires were mailed to the eligible subjects and collected 1-2 weeks later during a home visit. If the eligible subjects were absent when called upon or had not completed the questionnaire even after repeated visits, they were asked to return the completed questionnaire by mail using a stamped, self-addressed envelope. After application of exclusion criteria, 2,100 eligible subjects remained, 1,548 of which agreed to participate (response rate 73.7 %). Of these, surveys from 1,297 were collected by home visit and 251 by mail. All subjects gave informed consent in written form for participation in the study.
For the present study, we selected only those subjects aged C65 years who had never been diagnosed with MD or received medical treatment compensation, as most had serious MD symptoms which greatly affected their perceived health and thus limited their participation in social groups, thereby directly hampering investigation of the relationship between perceived health and participation in social groups. The study design was approved by the Ethics Committee of Fukuoka University.
Measurement
The questionnaire distributed to residents consisted of questions on perceived health, social group membership, socio-demographic characteristics, and health status. Perceived health was assessed by asking, ''all in all, would you say your health is generally excellent, good, fair, or poor?'' [19] . This simple concept was found to be associated with morbidity, loss of functional capacity, and mortality among the elderly, suggesting it to be a good comprehensive marker for health of aged individuals [3] [4] [5] .
Four social groups were defined based on voluntariness and horizontal relationships considering the aim of forming the relationship: community-related groups such as neighborhood associations or women's associations; businessrelated groups such as consumer organizations or industrial associations; hobby-or volunteer-related groups such as further-education institutions, sports and cultural clubs, and voluntary societies; and belief-related groups such as religious or political organizations. Group memberships were evaluated considering the frequency of participation. We assign the score for each group (0 never or seldom, 1 often or always).
Sex (0 female, 1 male), age (65-69, 70-74, and 75? years), living arrangement (living alone, with a spouse only, with a spouse and family members, and living with family members other than spouse), education (less than high school, high school, more than high school), income (annual income per capita divided into quarters), activity of daily living (ADL), and existence of chronic disease under treatment including physical and mental disease (0 no, 1 yes) were considered either or both potential confounders or modifiers of the association between perceived health and social group membership in the elderly. ADL was evaluated regarding bathing or showering, dressing/ undressing, going to the toilet, walking, eating, shaving/ brushing, putting on make-up, making a phone call, traveling by bus or train, daily shopping, cooking, cleaning a room, taking medicine, and managing finances [20, 21] . We assigned a score for each item (0 unable to be completed, 1 difficult to be completed, 2 easily able to be completed) and used the summed values as ADL scores.
Statistical analysis
In our analysis of subset data of the Shiranui Study, we first excluded records with missing values on perceived health and group memberships and then selected subjects aged C65 years who had not been diagnosed with MD or received medical treatment compensation.
A logistic regression model with a generalized estimating equation (GEE) for responses with missing data on potential confounding factors was used to estimate the association between perceived health and social group membership. For dependent variables, we assigned a dichotomous variable for perceived health (0 fair or poor; 1 good or excellent). Odds ratios (OR) and 95 % confidence intervals (CIs) with and without adjustment for potential confounding factors were reported as results. All analyses were performed using SPSS for Windows ver. 17.0 J (SPSS Inc., Chicago, IL, USA). All tests were two-tailed, with significance set at 0.05.
Results
Of the 1,548 subjects in the Shiranui Study, 626 were C65 years of age. Of those 626, 5 had been diagnosed with MD, and 213 had received medical treatment compensation without being diagnosed with MD. Therefore, we included a total of 408 subjects aged C65 years who had neither been diagnosed with MD nor received medical treatment compensation in the analysis.
Characteristics of study subjects are presented in Table 1 In a univariate analysis, respondents in the hobby-or volunteer-related groups reported a significantly higher ratio of good or excellent perceived health of the four social group types. Among potential confounders, ratios of subjects without chronic disease and mean ADL scores were higher in those who reported good or excellent perceived health.
Results of multiple logistic regression analysis for associations between perceived health and social group membership are presented in Table 2 . In our unadjusted model, membership in hobby-or volunteer-related groups was associated with good or excellent perceived health (OR 1.87, 95 % CI 1.07-3.27), and even after adjusting for all variables, memberships in these groups remained associated with perceived health (OR 1.97, 95 % CI 1.02-3.80).
Discussion
We examined the association between perceived health and social group membership among elderly residents of a previously methylmercury-polluted area in Japan. Our findings demonstrated the significant relationship between perceived health of residents and membership in a hobbyor volunteer-related group.
Although the immediate and short-term impact of largescale disasters on health or psychosocial aspects has been studied [22] [23] [24] , factors related to the health of residents caught up in the long-term confusion following a disaster have not been fully examined. Further, few studies have investigated the relationship between health and social group membership, which is believed an important determinant of health among residents. Beehler et al. [6] conducted a cross-sectional study to investigate factors influencing long-term mental health outcomes of 381 residents almost 20 years after the Chernobyl nuclear power plant disaster. The results of hierarchical linear modeling showed that long-term distress levels were predicted by stress-moderating psychosocial factors such as perceived family problems, not by the level of residential radiation contamination. The positive impact of participation in a hobby-or volunteer-related group demonstrated in the present study is consistent with findings of previous studies among the elderly [25] [26] [27] . A population-based survey to assess perceived health among non-disabled elderly individuals living alone and the factors associated with good perceived health found that participation in social groups such as recreational activities and hobby associations was a positive factor in females, although contact with relatives, friends, or confidants was not significant in either gender [26] . Similarly, another community survey revealed that the association between associational involvement, including sports club and hobby, or volunteer activity and perceived health among the elderly [18] . A six-year longitudinal study was carried out to investigate the predictors of perceived health by Giordano et al. [17] . The result showed that social participation in local groups, voluntary organization or group leisure activities were independent predictors of good perceived health, even after adjusting for other well-known health determinants. They suggested that the participations in such groups should lead less anxiety and that less anxious individuals may be less susceptible to the negative health outcomes. Anxiety can, via the hypothalamic-pituitary-adrenal axis, lead to increased level of blood cortisol [28] , and elevated cortisol level has been linked to negative health outcomes such as metabolic syndrome, depression and so on [29] .
Putnam suggested that voluntary organizations are particularly rich environments for people to learn civic skills through working together and lead to elevated health status, including perceived health [30, 31] . In general, levels of volunteerism are high in hobby-and volunteer-related networks, as these groups are predominantly homogeneous, with individuals relatively similar to one other with regard to interests and values. Further, network ties in these social groups seem to be primarily reciprocal relationships and horizontal social interactions, involving more positive connections than other group types. While the relationship between participation in a hobbyor volunteer-related group and perceived health was found to be significant, no significance was detected in the relationships of other group memberships-such as community-related groups, business-related groups, or beliefrelated groups-and perceived health among the elderly residents of the area. Sun et al. [26] conducted a large-scale population-based survey investigating the association between self-rated health (SRH) and social activities among the elderly in Japan. In univariate analysis, SRH was significantly correlated with social networks assessed according to variables such as frequency of contact with friends and confidants. However, in multivariate analysis, after adjusting for social integration assessed according to whether respondents participated or not in recreational activities or hobby associations, the relationship between SRH and social networks lost significance, indicating that the relationship between SRH and social integration itself is significant. These authors' findings that participation in recreational activities or hobby associations had a stronger effect on SRH than social networks supported our findings in the present study. With regard to the community-related groups, the sample size could be small. For the distribution of this group (48/117 vs. 150/291), the statistic power for a logistic regression model with sample size of 408 (a = 0.05, two-tailed) was 0.45.
The reason for the lack of any observed relationship between perceived health and business-related groups is unclear. Only 73 subjects participated in business-related groups, and most of these elderly subjects in the area could be farmers or fishermen working alone or with a family, although they belonged to an agricultural association or fisheries cooperative association. The frequency of participation in groups related to farms or fisheries is generally lower than frequencies of participation in other business-related groups.
Belief-related groups were also found to have a nonsignificant relationship with perceived health among the elderly in the affected area, possibly because religious participation is valued relatively lowly in Japan compared with Western countries, where participation in religious events is highly valued [32] [33] [34] . Although few studies have examined the relationship between health and religion, a previous report investigating ethnic differences in religiosity and mental health showed that effects of religiosity on mental health were lowest among Asians, compared with Hispanics, Africans, and Caucasians [35] .
Several limitations to the present study warrant mention. First, the cross-sectional nature of our study limited to infer causal relationship between perceived health of the elderly residents and membership in a hobby-or volunteer-related group. Second, to rule out the possible influence of methylmercury poisoning on perceived health and participation in social groups, subjects in this study were limited to those who had not been diagnosed with MD or granted medical compensation. The sample size of 408 was, therefore, insufficient to achieve statistic power. The association between social relationships and perceived health observed in the present study may have been largely due to a selection effect, as health problems can hinder people from forming social relationships. However, we do point out that the observed association remained even after controlling for ADL and the presence of chronic disease, and further analysis performed after eliminating participants with a low ADL score had no effect on findings (results not shown). Third, although accessibility is a strong factor influencing participation in social groups, we did not investigate it in the present study. In addition, potential confounding variables such as mental status or physical condition were not circumstantially investigated due to survey limitations. Fourth, we did not inquire as to whether a resident in the polluted area was a member or not of a class-action lawsuit seeking medical compensation, despite the fact that their perceived health was likely influenced by this factor.
However, despite the above-described limitations, our present findings suggesting the importance of participating in hobby-or volunteer-related groups to maintain good perceived health among elderly residents of a methylmercury-polluted area remain important. Serious pollution incidents always injure local residents as well as leave behind lingering secondary psychosocial effects associated with environmental pollution, such as anxiety concerning complete elimination of pollution, long-term effects of pollution, and prolonged compensation-related confusion. Such conditions are likely to be taken for granted in the confusion following a pollution incident.
Our present findings demonstrated a relationship between perceived health of residents and membership in a hobby-or volunteer-related group mainly via volunteerism and horizontal interaction, even in populations caught up in the confusion following an environmental incident. Our findings further suggest the significance of and need for an interventional study confirming that promotion of group membership in polluted areas can improve perceived health of residents.
